Background and aim: Cardiovascular diseases are a problem in low-and middle-income countries, such as Iran. The present research was performed to identify risk factors contributing to cardiovascular diseases and their distributions among the adult population of Mashhad (Iran) using the Framingham criteria. Methods: This cross-sectional population-based study performed in 2015 on 2,976 adults living in Mashhad (Iran) using Stratified cluster-random sampling method. Demographic information was acquired by surveyors in the research team using a checklist and referring to a medical laboratory for laboratory assessments. The 10-year risk of cardiovascular diseases for the participants was calculated using the Framingham criteria and was classified into three classes: low risk (<10%), intermediate risk (10-20%), and high risk (>20%). The analysis was done by SPSS Version 11.5 by using the Independent-samples t-test, Kruskal-Wallis, and analysis of variance (ANOVA). Results: A total of 2,978 participants aged 16-90 participated in our cross-sectional study with an average age of 43.5±14.7 years. Total risk scores among men and women were 7.29±6.3 and 5.8±6.03, respectively. Compared to women, men exhibited a significantly higher risk of cardiovascular diseases (p<0.001). Average heart age among men and women was estimated at 50.37±18.7 and 48.8±17.0 respectively, i.e. significantly older heart age was obtained for men compared to women (p<0.001). Conclusion: According to this study, men are at a great risk of cardiovascular events, so we should develop our screening and educational program especially for this population.
Introduction
Cardiovascular diseases are the most common cause of death in the world and the most important cause of disability and decreased quality of life (1) (2) (3) . Moreover, it is the leading cause of disability and mortality in Iran, with 50% of deaths being due to cardiovascular problems (4) . Annually, 17.7 million people die of cardiovascular diseases worldwide, accounting for 31.1% of all deaths. Further, 80% of deaths are due to heart attacks (coronary artery diseases) and stroke (brain blood vessel problems), more than 75% of which occur in low and middle-income countries (5) . Some studies have reported an early emergence of cardiovascular diseases in these countries, the frequency of which will increase in the coming years (6) . Furthermore, increased burden of disease is one of the major challenges facing development in such countries (7) . Various factors have contributed to this disease, and more than two hundred and fifty risk factors have been identified for coronary heart diseases (8) . Some risk factors include aging (9, 10) , male gender (11, 12) , high blood pressure (13, 14) , diabetes mellitus (15) (16) (17) , smoking (18) (19) (20) (21) and lipid disorders (22) (23) (24) . Aging, male gender, family history, and genetic factors are not moderating factors; however, other factors are moderating and can be addressed through adopting an appropriate strategy to prevent and treat ischemic heart diseases and performing the required interventions (25) . The results of various epidemiological studies in the developed countries reveal that the mortality rate of coronary heart diseases has decreased over the last three decades, thanks to a better understanding and control of such risk factors (8, 23) . Despite the lack of accurate statistics in Iran, there is strong evidence indicating that the incidence of coronary heart diseases and the resulting deaths has significantly increased (23) . According to the World Health Organization, in 2005, 41 .3% of all deaths in Iran were caused by cardiovascular diseases. It is also predicted that this rate will increase up to 44.8% by 2030 (26) .
In order to assess the risk level of cardiovascular diseases, diagnostic instruments are used to identify individuals at risk. One of these instruments is the Framingham criteria, which estimates the true risk level based on the Framingham Cohort study. This study began in 1948 with 5,209 adult subjects to identify the common factors that contribute to cardiovascular diseases (27) , by using age-relevant information, total cholesterol ratio, HDL, systolic blood pressure, history of smoking, and history of diabetes mellitus in order to predict the risk of developing cardiovascular diseases over the next 10 years (28, 29) . This instrument has been effective in predicting and ranking the level of cardiovascular risk in many parts of the world (30) . It could also be effective in quantifying the risk and ranking the level of risk in Iranian adults (31) . According to the findings, the relationship between ischemic heart disease and its risk factors is partially associated with race and geographical area; therefore, the investigation of the risk factors as well as the assessment of CHD risk level in populations of different regions of Iran seems to be of essence. This study was performed in the city of Mashhad in which the Framingham criteria were adopted to determine the risk of ischemic heart diseases among Mashhad's adult population in order to estimate the 10-year risk level for the target population.
Material and Methods

Research design and selection criteria
The 2,978 participants were studied in this cross-sectional population-based study in Mashhad (age ≥16 years: based on the epidemiological studies that demonstrate some decrease in the average age at which cardiovascular incidents especially heart ischemia occur in the Iranian population) in 2015. The following were set as the Inclusion criteria:
1) All of those whose complete set of demographic and socioeconomic information was available.
2) All of those whose serum samples were available for determining lipid profiles.
3) All people over 16 years of age 4) All of those who have residence in Mashhad Exclusion criteria were: 1) Individuals with incomplete checklists or laboratory samples.
2) Non-consent to participate in any stages of the study.
Sampling
This sample was taken out of a Chronic Kidney Disease prevalence study in 2015 (a study that was performed by researchers to collect data of the Mashhad population) via stratified cluster-random sampling method. The sample size was determined for the main study and we used the data bank data for this study. The sample size was estimated for assessment of chronic kidney disease according to these assumptions: α=0.05, β=0.2, and p=0.92 (by using this formula: n=z
. The sample size was estimated to be 2,700 by considering 30% attrition bias and multiplying by three for the clustering design. The city of Mashhad was divided into 5 districts based on health centers. Center 4 was excluded from the study due to the non-constant cessation population and the other 4 sites were sampled.
Data collection
The main objective of the study was explained to the participants and informed consent was taken. Subsequently, surveyors in the research team filled a checklist of the participants' demographic, socioeconomic and lifestyle information before referring the subjects to physicians in the research team and related health centers for health status assessment. Once visited by the physician of the urban health centers, subjects were submitted to the laboratory of the center where their blood samples were collected and immediately sent to the sample collection center of the research program. The samples were collected by staff trained in urban health centers, and were stored in a refrigerator at -80 centigrade before being sent to the reference laboratory for measuring fasting blood sugar (FBS), total serum cholesterol, LDL and HDL, and triglyceride levels.
The method of calculation
The cardiovascular disease risk score, 10-year risk of cardiovascular incidents, and heart age of the subjects were calculated using the Framingham criteria (28) . Given that several observations and clinical studies have suggested some decrease in the average age at which cardiovascular incidents (heart ischemia, in particular) may occur among the Iranian population, (leading to an increasingly higher number of clinical cases where heart attacks occurring at ages younger than 30 being observed), the present research calculated and classified the risk of cardiovascular diseases based on the Framingham criteria in two age groups, namely older than 16 and older than 30 (considering access to subjects). In the first stage, the subjects were scored separately for each gender, their age, total cholesterol, smoking, HDL level, systolic blood pressure, and diabetes according to the Framingham criteria (28) . For this purpose, subjects with FBS higher than 126 mg/dl and per-day smoking of at least 1 cigarette or 1 pass of hookah were considered as diabetics and smokers, respectively. The subjects' blood pressure was determined according to standard procedures and criteria to be followed prior to blood pressure determination. This was done using sphygmomanometers, which were calibration-controlled on a daily basis by the physicians in the research team. A blood pressure above 140.90 mmHg was considered as high blood pressure. Blood pressure, total serum cholesterol, and age of the subjects were categorized based on the Framingham criteria (28) . Effects of risk factors are cumulative, and the relationship between the factors and CHD has been quantitatively evaluated in a study by Framingham (28); accordingly, based on the risk of developing cardiovascular diseases in the coming 10 years, individuals can be classified into three classes: low risk (<10%), intermediate risk (10-20%) , and high risk (>20%) (28) . In the second stage, heart age of the subjects was determined based on their total score. Finally, the population was categorized into different levels based on the attained heart age and total score, based on which, one could determine the percentage of the population who needed to take particular actions. The collected data was analyzed using the Framingham criteria manual (28). . Written informed consent was obtained from all the participants and they were free to leave the study at any stage. All the collected data were secured as confidential, and the results were presented in general form without providing any personal identity. The participants' test results were sent to them and follow-up recommendations were provided to them by the physicians of the research team. The studied data in the present research were taken from a CKD prevalence study on the adult population of Mashhad.
Ethical considerations
Statistical analysis
Data analysis was performed by SPSS Software ver. 11.5 (SPSS Inc., Chicago, Illinois, USA). Descriptive results were obtained using measures of central tendency dispersion, and frequency distribution. Continuous variables were tested using the Independent-samples t-test, ranked variables were analyzed using Kruskal-Wallis, and average values were compared using analysis of variance (ANOVA) based on the type of the variables and after checking the distribution of the quantitative variables. Qualitative variables were considered with Chi-square test and a significance level was determined as 0.05.
Results
In this cross-sectional study, performed on 2,978 patients at ages ranging from 16 to 90 years, there were 1,930 (64.9%) women and 1,044 (35.1%) men with an average age of 43.5±14.7 years. The average age of the men was significantly higher than that of the women (p<0.001), most of the patients were married (84.7%), the most frequent academic level was primary school (31.4%), 85.7% of the women were housewives, and 49.8% of the men were self-employed, and the differences between the two genders in marital status (p<0.001), level of education (p<0.001), and occupation (p<0.001) were significant. Furthermore, in the evaluation of the risk and disease factors, 8.4% of the patients were smokers, where the ratio was 14.9% in the men and 4.9% in the women, and the difference between the two genders was significant (p<0.001). All the information on the demographic characteristics appears in Table 1 .
In the experimental investigations and clinical visits, 22.1% of the patients had high blood pressure, which was significantly more frequent in men (p<0.001). Furthermore, 8.3% of the patients had diabetes, which included Page 7167 11.7% of the men and 6.5% of the women, a statistically significant difference between the two genders (p<0.001). There was no significant difference between the men and the women in average blood cholesterol (p=0.62), but there was a statistically significant difference between the two genders in average triglyceride, LDL, and HDL (Table 2) . Total risk score in the population over 16 years was calculated based on the Framingham algorithm given different risk factors in terms of gender. Total risk score was calculated as 7.29±6.3 in the men and 5.8±6.03 in the women. Total risk of cardiovascular disease was statistically significantly higher in the men than in the women (p<0.001); being more severe in men between 55 and 59, and between 70 and 74 years old in women. Heart age was calculated for the patients based on the total risk scores estimated for the two genders. Average heart age was estimated as 50.37±18.7 years for the men and as 48.8±17.0 for the women. The men's heart age was significantly higher than the women's (p<0.001). Heart age was significantly higher than chronological age in the women's group (p=0.002), while chronological age was slightly higher than heart age (p=0.05) in the men's group. Based on the participants' heart age, their ten-year risk of cardiovascular disease were calculated in terms of the Framingham criteria, and the subjects were classified at the three levels of low-risk (<10%), intermediate-risk (10-20%) , and high-risk (>20% (Table 3) .
In both population groups under investigation, the intermediate-and high-risk levels were statistically significantly higher in men than in women (p<0.001). Since the entire population below 30 years had lower risk levels, the relationship between risk level and demographic characteristics was investigated further only for the population over 30 years of age (Table 4 ). There was a statistically significant difference between the four health centers in terms of the frequency of risk levels (low, intermediate, or high) (p<0.001). The highest risk level frequencies were estimated to have occurred in health centers 1 and 3, and health center 2 had the lowest risk level frequencies. The risk levels in health center 1 exhibited an even trend.
The relationship between academic degree and heart risk level was statistically significant (p<0.001). The highest risk level frequency was observed in the primary academic group, and the lowest levels in the patients with an associate and bachelor's degree and higher academic groups. There was a statistically significant relationship between heart risk level and occupation status (p<0.001). The highest frequencies were observed among housewives at the low-and intermediate-risk levels and the unemployed at the high-risk level. There was a statistically significant relationship between ten-year heart risk level and marital status (p<0.001). The highest ten-year heart risk level frequencies concerned the married patients, and the lowest pertained to the divorced. 
Discussion
Cardiovascular diseases are a problem in low-and middle-income countries, such as Iran. The relationship between ischemic heart disease and its risk factors is partially associated with race and geographical region (32) . In this study, all of the younger-than-30 subjects were estimated to have low (<10%) 10-year risk of cardiovascular diseases; this may indicate that, in the studied population, the factors contributing to the determination of 10-year risk of cardiovascular diseases are still uncommon among individuals of this age group. Of the studied population of individuals older than 30, 77.8%, 13.4%, and 8.8% were recognized with low, intermediate, and high risks of the diseases, respectively. Compared to a similar study performed on a 40-65 years-old population of Asians (based on NHMS information, 2006) 48%, 29%, and 23% of the subjects were recognized with low, intermediate, and high risks of the diseases, respectively (33) , and according to another study performed based on the data from the surveillance system on risk factors for non-communicable diseases among the entire 25-64 year-old population of Iran in 2011, 51.6%, 25.8%, and 22.6% were found to be engaged with low, intermediate, and high risks of the diseases, respectively (34) . The percentages of the subjects exposed to intermediate and high risks of cardiovascular diseases were estimated to be higher than of those in the present study. Given the fact that the recent study has differed from the time of study and the age range, this could indicate lower abundance of risk factors among the individuals examined in the present study and differences in lifestyles.
Accordingly, investigating the abundance of risk factors among the population examined in the present study, it was found that diabetes (8.3%), smoking (8.4%), and high blood pressure (22.1%) were the most significant risk factors.
In the study on the Asian population, the corresponding percentages were 17.1%, 20%, and 54.9%, respectively, indicating a generally higher abundance of risk factors (33) . However, similar to the present study, high-blood pressure was the most abundant risk factor among the Asian population (33) . Comparing the distribution of risk factors related to sugar and lipid across other areas in the country, it found lower levels of risk factors in our study population than the studied population in Tehran (29) . However, in comparison with the same study in Isfahan (35) and Qazvin (36), the risk level of hypertension was higher. Prevalence of diabetes and smoking as risk factors was lower among the population examined in the present study, as compared to those in other regions in Iran, while high-blood pressure was estimated to be slightly more prevalent among the subjects of the present study. It is worth noting that the cited studies were performed in different years, and completely different geological conditions greatly contribute to dominant lifestyle.
As far as gender is concerned, the present study indicated relatively high percentages of intermediate and high risks for men. Other studies such as the state-wide study (34) and those performed in Isfahan (35), Qazvin (36), Mazandaran (37), Hamedan (38) and Asia (33) , and also an American population (based on NHANES data during 1999-2002) (39) show similar results, implying that the male gender itself serves as a risk factor. Even though among the population studied in the present research, the studied men were, on average, older than the studied women, the resultant risk scores for men in different age groups were always higher than of those for the corresponding women. As such, the higher frequencies of individuals engaged with intermediate and high risks of the diseases among men with higher prevalence of risk factors (e.g. smoking, diabetes, high blood pressure, hyperlipidemia) can be indicative of unhealthy lifestyle, less than enough primary health care, or even less frequent contact with these centers, which are definitely effective on health knowledge of these individuals (40) . As such, importance of preventive and purposive care programs and modifications to men's lifestyle should be emphasized.
Frequency of individuals engaged with high risk of the diseases increased with age among individuals of either gender. However, the increase in the frequency was observed 5 years earlier among men rather than women. This increased risk in men of lower ages was also pointed out in the study on the Asian population (33) , which can be attributed to progression of atherosclerotic lesions of coronary arteries with age (41) . According to Framingham criteria, for each 10 years increase in age, risk of cardiovascular diseases increases two units in population (42) . Furthermore, thanks to the estrogen hormone, women enjoy a higher level of protection against cardiovascular diseases (43, 44) , resulting in a delay of 10 years in progression of the diseases, as compared to men (41) . In our research, trend of increase in the risk among elderlies (older than 65 years) was once more indicative of higher risk levels for men. In contrast, according to the sugar and lipid study performed in Tehran, older women exhibited higher risk levels than older men (45) . Albeit, it should be mentioned that, in the present study, with increasing the age, the increase in the number of women at high risk of the diseases was sharper among 50-54 and 60-64 age groups, as compared to the men in the same age groups; this could be justified by the reduced protective effect of estrogen. Increased heart age of women relative to their calendar age and the opposite trend in men were also remarkable in the present study. Which requires more study.
In the meantime, some recent research works have predicted equal risks of cardiovascular diseases for men and women during the coming decades (45, 46) . Among the population studied in the present research, women were often undereducated, housewives, of low health knowledge and of poor socioeconomic position (representing a set of conditions including income level, education level, job, and personal assets), which could act as factors contributing to an inactive lifestyle, and failure to go on a suitable diet and other non-evaluated factors such as overweight among women could be significant factors contributing to emergence of chronic diseases such as cardiovascular disorders. In the present research, the lower the education level, the higher the risk level was. The highest 10-year risk of cardiovascular diseases was observed among illiterates, as was the case in the similar studies performed in United States (47) and Europe (48) . Therefore, increasing women's awareness (who serve as mothers at the same time) can significantly contribute to the choice of a healthy lifestyle by all members of the community.
Considering the districts covered by different health centers, the population served by health centers 1 and 3 in Mashhad exhibited the highest frequencies of individuals at different risk levels, with a uniformly increasing trend in the 10-year risk of cardiovascular diseases. The lowest relative frequencies of individuals at different risk levels were observed in health center 2. This could be explained by public health position and demographic characteristics and lifestyle of the individuals covered by different health centers; the health care services provided by different centers could be another contributing factor. Health center 2 covers low-income classes with lower socio-economic positions, so that their generally more active jobs (most of them are labors or servants) and low-meat diet can be referred to as reasons behind low levels of risk among this population.
Levels of risk of cardiovascular diseases were found to be significantly related to job type. Accordingly, unemployed subjects exhibited the highest risk of cardiovascular diseases. In a study by Iker et al., lack of job security was shown to be associated with cardiovascular diseases in women (49) , indicating that paying attention to the unemployment rate in a community will reduce the risk of cardiovascular diseases. Marriage serves as an important social factor affecting health status and fatality rate. In the present study, the highest risk levels were observed among married subjects. This was opposite to other studies where increased fatalities were reported among divorced men, rather than those who were married, so that marriage was recognized as a protective factor (50) . In a study in Japan, increased number of fatalities due to cardiovascular diseases was higher among men who were never married (51). In our society, however, marriage seems to bring about increased social and economic responsibilities and hence stress factors in the workplace, keeping it from serving as a protective factor for individuals' health.
Limitations and strengths
Key positive features of this study include large sample size, accuracy of experimental measurements and medical examinations, and the multi stage sampling method. One of the limitations of this study was the fact that, some of the information used here was obtained via self-reporting, which is known to be strongly biased by the participants. Furthermore, it seems that frequency of smoking and using drugs is underreported, which could be a result of the social desirability bias.
Conclusions
In the present research, the studied population exhibited high frequency of high-blood pressure, which can be greatly prevented by controlling the risk factors and modifying lifestyle. By considering an increased level of cardiovascular risk factors for men, it is necessary to expand our prevention strategy and carry out more educational programs concerning heart heath. Moreover, the following actions are recommended to change lifestyle: holding training programs, promoting healthy foods, controlling blood pressure, emphasizing the significance of giving up smoking, avoiding stress, and highlighting the importance of exercising. It is recommended to follow up the population in a longitudinal study and observe the risk level changes in upcoming years.
